SPECIFICATION 



Aqueous coating liquid for forming a magnesium oxide film 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an aqueous coating liquid 
suitable for forming a magnesium oxide film used as a dielectric 
protective film in a plasma display panel (PDP) or the like by the 
coating pyrolysis method. 

2. Description of the Related Art 

Magnesium oxide films are used in a wide range of 
applications such as protective films for PDPs, insulating films, 
catalyst films, or surface protective films. Conventionally, films of 
metal oxide such as films of magnesium oxide have been formed by a 
physical film-forming method such as sputtering and vacuum 
evaporation. When these methods are employed, a uniform, dense 
and highly crystalline film can be obtained. On the other hand, since 
the films are formed under a vacuum, a large, complicated and 
expensive apparatus is necessary. Furthermore, since the films are 
produced by batch production, the production efficiency is low and the 
production cost is high. 

In contrast to physical methods, the coating pyrolysis method 
may be employed by which a metal oxide film can be formed in a 
simple process without an expensive and complex apparatus. This 
coating pyrolysis method includes a process of applying a coating liquid 
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containing a desired metal compound on a substrate uniformly, a 
process of removing a solvent in the resultant film completely by pre- 
baking, and a process of performing baking at a high temperature. In 
order to obtain a uniform and transparent metal oxide film as a final 
product, it is necessary to obtain a good coating properties and to 
maintain the uniformity and the transparency of the formed film in 
each process. 

Japanese Laid-Open Patent Publication Nos. 9-95627 and 9- 
129141 disclose a method for forming a magnesium oxide film using a 
coating liquid in which a magnesium carboxylate is dissolved in a 
solvent. All of the solvents used in these methods are organic solvents 
such as xylene or butyl carbitol. When a film is formed with a coating 
liquid using such an organic solvent, uniform coating can be easily 
performed on a substrate, but at pre-baking after the substrate is 
coated, the organic solvent is released in the air, which may harm the 
environment. 

On the other hand, when a film is formed by coating using a 
solution in which a metal compound such as a water soluble 
magnesium carboxylate is contained in a water-based solvent, no 
organic solvent is released, so that the adverse effect to the 
environment can be reduced. However, when a substrate is coated 
with a coating liquid containing a water-based solvent, the coating 
liquid is repelled on the substrate by the surface tension of the water, 
so that no uniform film can be obtained. The water soluble 
magnesium carboxylate is generally derived from a short chain 
carboxylic acid, and therefore the crystallinity of the magnesium 
carboxylate itself is high. For this reason, when the substrate is 
coated with such a coating liquid and pre-baked, the magnesium 
carboxylate crystallizes and is precipitated, and thus it is difficult to 
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obtain a transparent and uniform film on the substrate. 

As a method for coating a substrate with an aqueous coating 
liquid, Japanese Laid-Open Patent Publication No. 2001-10816 
discloses a coating liquid that comprises an aqueous solution 
containing a metal complex in which a metal such as copper, titanium, 
nickel, or magnesium is coordinated to a ligand such as EDTA, or a salt 
thereof, and a water-soluble polymer such as polyethylene glycol, 
polyvinyl alcohol, and collagen as a film-forming substance. However, 
although the substrate can be coated uniformly with such a coating 
liquid containing the above-mentioned polymer, opaqueness occurs 
when pre-baking is performed, and thus it is difficult to form a film 
having excellent uniformity and transparency. 

SUMMARY OF THE INVENTION 

The aqueous coating liquid for forming a magnesium oxide 
film of the present invention comprises' (a) a magnesium carboxylate 
derived from a carboxylic acid having 1 to 6 carbon atoms, (b) a 
surfactant, (c) a polyhydric alcohol compound, and (d) a solvent made 
substantially of water; wherein the magnesium carboxylate is 
contained in a ratio of 5 wt% or more and 50 wt% or less, the 
surfactant is contained in a ratio of 0.01 wt% or more and 2.5 wt% or 
less, and the polyhydric alcohol compound is contained in a ratio of 
0.05 wt% or more and 40 wt% or less, based on a weight of the entire 
coating liquid; wherein a content of the magnesium carboxylate is the 
same with or larger than that of the polyhydric alcohol compound, and 
a total weight of the magnesium carboxylate and the polyhydric alcohol 
compound is 80 wt% or less of the weight of the entire coating liquid; 
and wherein the magnesium carboxylate, the surfactant, and the 
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polyhydric alcohol compound are dissolved in the solvent. 

In a preferred embodiment, the polyhydric alcohol compound 
has a molecular weight of 1000 or less. 

In a preferred embodiment, the surfactant is free from a metal 
element and a halogen element. 

Thus, the invention described herein makes possible the 
advantages of providing an aqueous coating liquid for forming a 
magnesium oxide film that contains a short chain magnesium 
carboxylate in a high concentration, that can be applied uniformly onto 
a substrate, that can maintain uniformity and transparency without 
causing the magnesium carboxylate to be precipitated after pre -baking, 
and that can form a transparent and uniform magnesium oxide film 
having a thickness sufficient for practical use," and providing a coating 
liquid for forming a magnesium oxide film that has the above -de scribed 
properties and can be suitably used for preparing a dielectric protective 
film in a plasma display panel (PDP), an insulating film, a catalyst 
film, a surface protective film, or the like. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
The aqueous coating liquid for forming a magnesium oxide 
film of the present invention includes at least a magnesium salt of a 
carboxylic acid having 1 to 6 carbon atoms (hereinafter, referred to as 
"magnesium carboxylate" (a) or "component (a)"), a surfactant 
(hereinafter, referred to as "surfactant (b)" or "component (b)"), a 
polyhydric alcohol compound (hereinafter, referred to as "polyhydric 
alcohol compound (c)" or "component (c)") and a solvent made 
substantially of water (hereinafter, referred to as "solvent (d)" or 
"component (d)"). 
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(l) Magnesium carboxylate (a) 

The carboxylic acid constituting the magnesium carboxylate 
(a) contained in the aqueous coating liquid of the present invention for 
forming a magnesium oxide film has 1 to 6 carbon atoms. As the 
magnesium carboxylate (a), it is preferable to select a compound that 
can be dissolved in water and kept stable when being dissolved. The 
carboxylic acid preferably has 1 to 4 carbon atoms. When the number 
of carbon atoms is more than 6, the solubility of the magnesium 
carboxylate in water is very poor. Therefore, the concentration of the 
metal (i.e., magnesium) contained in the coating liquid is low so that 
the thickness of a film formed by the use of the coating liquid is 
extremely small and thus, the film cannot be employed for practical 
use. . 

The carboxylic acid constituting the magnesium carboxylate 
(a) employed in the present invention contains at least one carboxyl 
group in its molecule. This carboxylic acid may have a polar 
substituent that improves the solubility in a solvent, such as a 
hydroxyl group, an amino group or a nitro group. Examples of the 
carboxylic acid include fomic acid, acetic acid, propionic acid, butyric 
acid, isobutyric acid, valeric acid, isovaleric acid, caproic acid, 2-ethyl 
butyric acid, glycolic acid, lactic acid, aspartic acid, acrylic acid, 
methacrylic acid, crotonic acid, pyruvic acid, maleic acid, and itaconic 
acid. The magnesium carboxylate (a) may be a compound having 
moieties derived from one kind of carboxylic acid in one molecule or a 
compound having moieties derived from different kinds of carboxylic 
acids. Furthermore, a mixture of at least two kinds of the magnesium 
carboxylates (a) can be employed. 

As described later, in order to form a transparent film having 
a sufficient thickness, it is preferable to select a compound having a 
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solubility of 5 wt % or more in water as the magnesium carboxylate (a). 
In this specification, "solubility in water" means the solubility in water 
at a temperature of 20°C. When a transparent and uniform coating 
liquid is prepared using a magnesium carboxylate having a solubility 
of less than 5 wt % in water, the metal content in the coating liquid 
becomes low. Therefore, when this coating liquid is used for coating 
and film-formation, only a film having a small thickness can be 
obtained. If such a magnesium carboxylate is -added in a 
concentration exceeding the solubility, the obtained coating liquid is 
opaque, and if this coating liquid is used for coating and film- 
formation, a transparent and uniform film cannot be obtained. 

(2) Surfactant (b) 

In the aqueous coating liquid for forming a magnesium oxide 
film of the present invention, the surfactant (b) is contained for the 
purpose of reducing the surface tension of an aqueous coating liquid so 
that the aqueous coating liquid can be applied uniformly without being 
repelled on a substrate. 

It is preferable that this surfactant is free from metal 
elements and halogen elements. When a surfactant containing a 
metal component is used as the surfactant, a magnesium oxide film 
formed by coating a substrate with the coating liquid, and drying and 
baking the same contains a metal component derived from the 
surfactant. The magnesium oxide film containing such a metal 
component may not exhibit the electrical characteristics inherent in 
magnesium oxide. Moreover, when a surfactant containing a halogen 
element is used, a halogen gas is produced in the process of baking, 
which may pollute the baking furnace. In addition, if the surfactant is 
not degraded and the halogen element is present in a magnesium oxide 
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film, the film may be colored or the electrical characteristics of the film 
may be affected adversely. 

As described later, in order to form a transparent film having 
a sufficient thickness, it is preferable to select a compound having a 
solubility of at least 0.01 wt% in water as the surfactant (b). When a 
transparent and uniform coating liquid containing a surfactant having 
a solubility of less than 0.01 wt % in a low concentration is prepared, 
the amount of the surfactant dissolved in the coating liquid cannot 
improve the wettability on the substrate. Therefore, when the coating 
liquid is applied on a substrate, the coating liquid is repelled so that 
the substrate cannot be coated uniformly. If such a surfactant having 
a solubility of less than 0.01 wt% in water is added to water in a ratio 
of 0.01 wt% or more, a portion in which the surfactant is not dissolved 
is present, so that the resultant coating liquid becomes opaque. As a 
result, when this coating liquid is used for film-formation, a 
transparent and uniform film cannot be obtained. 

As the surfactant (b) contained in an aqueous coating liquid 
for forming a magnesium oxide film of the present invention, any 
nonionic surfactant, anionic surfactant, cationic surfactant or 
ampholytic surfactant can be selected. 

Among these, it is preferable to use a nonionic surfactant. 
This is because nonionic surfactants are hardly affected by magnesium 
ion and carboxylic acid ion, which are constituent components of the 
magnesium carboxylate (a), have excellent surface activation 
performance, and can contribute to the temporal stability of the coating 
liquid. When an ionic surfactant is used, a salt exchange reaction 
with the component (i.e., magnesium ion or carboxylic acid ion) of the 
magnesium carboxylate may occur so that the coating liquid may be 
deteriorated or the surface activation performance of the coating liquid 
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lowers. 

Examples of the nonionic surfactant that may be used as the 
surfactant in the present invention include polyoxyalkylene alkyl 
ether, polyoxyalkylene alkyl phenyl ether, polyoxyalkylene fatty acid 
ester, polyoxyalkylene sorbitan mono-fatty acid ester, and 
polyoxyalkylene alkylamine. 

Examples of the anionic surfactant include polyoxyalkylene 
alkyl ether sulfate, acylmethyl taurine salt, alkylbenzenesulfonate, and 
alkyl sulfo succinate. 

Examples of the cationic surfactant include alkylamine 
acetate, alkyl trimethylammonium acetate, and alkyl dimethylbenzyl 
ammonium acetate. 

Examples of the ampholytic surfactant include dimethyl 
alkylbetaine, amidobetaine surfactants, and imidazoline surfactants. 

These surfactants can be used alone or in combination of two 

or more. 

(3) Polyhydric alcohol compound (c) 

In the aqueous coating liquid for forming a magnesium oxide 
film of the present invention, the polyhydric alcohol compound (c) is 
contained to prevent the coating film on the substrate from being 
opaque when the solvent is evaporated in the process of pre-baking 
after the coating liquid is applied onto the substrate. 

Without being bound to the following theory, it can be 
theorized that one cause of the opaqueness of the coating film on the 
substrate is crystallization due to the association of the molecules of 
the magnesium carboxylate (a). When a suitable amount of the 
polyhydric alcohol compound (c) is present in the coating liquid, a 
hydroxyl group of a polyhydric alcohol molecule is considered to be 
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partially coordinated to a metal moiety of the magnesium carboxylate 
and enters between the magnesium carboxylate molecules, which 
inhibits the association and the crystallization of the magnesium 
carboxylate molecules at pre-baking after a film is formed. 
Consequently, a transparent film can be formed. 

The polyhydric alcohol compound (c) used in the present 
invention preferably has a molecular weight of 1000 or less, more 
preferably 800 or less. It is believed that when a polyhydric alcohol 
compound having a molecular weight of more than 1000 is contained in 
the coating liquid, the density of hydroxyl groups in the molecule is 
low, so that the polyhydric alcohol compound cannot be coordinated 
efficiently to the magnesium carboxylate. Therefore, it is difficult to 
inhibit crystallization sufficiently, so that opaqueness due to 
aggregation of the magnesium carboxylate easily occurs on the 
substrate when pre-baking is performed. Furthermore, a high 
molecular weight polyhydric alcohol compound having a molecular 
weight of more than 1000 cannot decompose easily, so that in the 
process of baking, carbon residues may remain in the oxide magnesium 
film, and high temperature is required for complete decomposition. 

It is preferable that the weight reduction end temperature in 
the thermal gravimetry (TG) of the polyhydric alcohol compound is in 
the range from 200° C to 500° C. Herein, the weight reduction end 
temperature refers to a temperature at the point when a weight 
reduction is no longer observed in the TG curve. When a polyhydric 
alcohol compound having a weight reduction end temperature of less 
than 200°C is used, the polyhydric alcohol compound may be 
evaporated before the magnesium carboxylate (a) decomposes in the 
process of pre-baking and baking, and the magnesium carboxylate may 
be crystallized on the substrate. Furthermore, when a polyhydric 
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alcohol compound having a weight reduction end temperature of more 
than 500° C is used, the polyhydric alcohol compound would not 
completely decompose in the process of baking, so that decomposition 
residues would be contained in the film. 

As the polyhydric alcohol compound (c) contained in the 
coating liquid of the present invention, any compound that has at least 
two hydroxyl groups in its molecule and thus, is readily soluble in 
water can be employed. For example, low molecular weight 
polyhydric alcohols such as diethylene glycol, neopentyl glycol, 
glycerin, trimethylolpropane, pentaerythritol, diglycerin, sorbitol, 
mannitol, sorbitan, and triglycerin can be used. Among these 
compounds, the following compounds are more preferable" polyhydric 
alcohol compounds that are liquid at room temperature such as 
diethylene glycol, glycerin, diglycerin, sorbitol, sorbitan, and 
triglycerin. These compounds can be used alone but when a mixture 
of at least two compounds having different weight reduction end 
temperatures is used, volume contraction in the process of baking can 
be more moderate and cracks are prevented from occurring. 

(4) Solvent (d) 

The solvent (d) contained in the coating liquid of the present 
invention is made substantially of water. Herein, "a solvent made 
substantially of water" refers to water or a water-based solvent having 
properties that is the same with or similar to those of water as a whole. 
The content of water in the solvent (d) is preferably 70 wt% or more. 
As the solvent (d), water and an aqueous solvent containing a water- 
soluble alcohol solvent in a range that does not inhibit the effect of the 
present invention can be used. As the solvent (d), an aqueous solvent 
containing a water-soluble alcohol solvent in a ratio of less than 30 
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wt%, more preferably less than 20 wt%, most preferably less than 10 
wt%, or water is preferable. When a solvent other than water is 
contained in a ratio of more than 30 wt%, the effect of improving the 
wettability of the surfactant cannot be sufficiently obtained. 
Therefore, the coating liquid is repelled on the substrate in the process 
of coating or the coating liquid cannot be applied on the substrate 
uniformly. Examples of the water-soluble alcohol include methanol, 
ethanol, 1-propanol, and 2-propanol. 

(5) Aqueous coating liquid 

The aqueous coating liquid of the present invention contains 
the magnesium carboxylate (a), the surfactant (b), the polyhydric 
alcohol compound (c), and the solvent (d) as described above, and these 
components are present in a dissolved state in the coating liquid. 

The magnesium carboxylate (a) is contained in the coating 
liquid in the range from 5 wt% to 50 wt%. When the content of the 
component (a) is less than 5 wt%, the metal (magnesium) content in 
the coating liquid is low, and when this coating liquid is used for 
coating and film -formation, the formed film is thin. The thickness of 
such a film is not sufficient for practical use. When the content of the 
component (a) is more than 50 wt%, the magnesium carboxylate is not 
completely dissolved in the coating liquid, and the coating liquid 
becomes opaque. When this coating liquid is used for coating and 
film-formation, a transparent film cannot be obtained. 

The surfactant (b) is contained in the range from 0.01 wt% to 
2.5 wt% in the coating liquid. When the content of the component (b) 
is less than 0.01 wt%, the surface tension of the coating liquid cannot 
be sufficiently reduced, so that the coating liquid is repelled on the 
substrate and thus a uniform coating film cannot be obtained. When 
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the content of the component (b) is more than 2.5 wt%, the coating 
performance on the substrate can be improved, but surplus surfactant 
aggregates on the substrate and becomes opaque when pre-baking is 
performed after coating. When baking is performed in this state, the 
opaqueness remains and thus a transparent and uniform film cannot 
be obtained. 

The polyhydric alcohol compound (c) is contained in the range 
from 0.05 wt% to 40 wt% in the coating liquid. When the content of 
the component (c) is less than 0.05 wt%, opaqueness of the coating film 
on the substrate tends to occur when the solvent is evaporated in the 
process of pre-baking after coating. Also when the content of the 
component (c) is more than 40 wt%, opaqueness tends to occur. This 
may be because association of the component (c) occurs in the process 
of pre-baking. Thus, when the content is outside the above range, in 
either case, a transparent and uniform film cannot be obtained by 
baking. 

The component (a) is contained in an amount that is the same 
with or larger than that of the component (c). When the content of the 
component (a) is smaller than the content of the component (c), 
opaqueness occurs on the substrate. When baking is performed in 
such a state, a transparent and uniform film cannot be obtained. 
Furthermore, it is necessary that the total weight of the components 
(a) and (c) is 80 wt% or less of the weight of the entire coating liquid. 
When the content is more than 80 wt%, the content of the solvent in 
the coating liquid is reduced accordingly, which makes it difficult to 
completely dissolve the magnesium carboxylate. When such a coating 
liquid is used for coating and film-formation, a transparent and 
uniform film cannot be obtained. 

By uniformly mixing the components (a), (b), (c), and (d) and, 
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if necessary, other components, an aqueous coating liquid for forming a 
magnesium oxide film of the present invention can be obtained. This 
coating liquid is applied onto a substrate on which a magnesium oxide 
film is to be formed. As the substrate, a substrate commonly used in 
the art, for example, a glass substrate, a substrate made of a resin such 
as polycarbonate, an epoxy resin or the like, a film made of any of these 
resins, or the like can be used. As described later, when a metal oxide 
film is produced by baking at a high temperature, for example, at 
200°C or more, glass substrate is preferable. When a metal oxide film 
is produced by irradiation with ultraviolet light, resin substrates or 
resin films are preferable. 

There is no limitation regarding the method of applying the 
coating liquid onto a substrate. For example, brush coating, dipping, 
spin-coating, spraying, screen printing, roll coating, or pattern 
formation by the inkjet method can be used. A film obtained by any of 
these coating methods is dried, and then by a method commonly used 
in the art, a magnesium oxide film can be obtained. For example, a 
method of baking at a temperature of 200°C or more, or a method of 
irradiating a coating film on a substrate with ultraviolet light to 
convert it into a metal oxide film, can be employed. Furthermore, 
these methods can be employed in combination. 

When baking is performed, in order to decompose organic 
components completely, it is preferable to perform baking at a 
temperature of 200°C or more, more preferably at 350°C or more, and 
even more preferably 450°C or more. 

When the coating liquid of the present invention is used, a 
substrate can be coated easily and uniformly, and a transparent and 
uniform magnesium oxide film can be formed. 

The present invention provides a coating liquid that can be 
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applied uniformly on a substrate and can form a transparent and 
uniform magnesium oxide film having a thickness sufficient for 
practical use. Since the coating liquid is based on a solvent containing 
water as the main component, the coating liquid does not pollute the 
environment and is safe for the human body. The aqueous coating 
liquid for forming a magnesium oxide film of the present invention can 
be used in a wide range of applications such as producing dielectric 
protective films in plasma display panels (PDPs), insulating films, 
catalyst films, or surface protective films. 

Examples 

Hereinafter, a method for forming a magnesium oxide film 
using the aqueous coating liquid of the present invention will be 
described specifically by way of examples. In the example, "parts" 
refers to parts by weight. 

Method for evaluating a coating liquid, a coating film and a baked film 

(I) Evaluation of appearance of coating liquid 

The appearance of the coating liquid is visually evaluated. In 
tables below, the evaluation results are shown according to the 
. following criteria. 

O Transparent 

x Opaqueness or the presence of a solid is observed. 

(II) Evaluation of coating performance 

The coating liquid is applied onto the surface of a substrate by 
a spin-coater, and the state after the coating is visually observed. In 
the tables below, the evaluation results are shown according to the 
following criteria. 
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O Uniformly applied. 

x Repelled on the substrate and not applied uniformly. 

(III) Evaluation of the state of film after pre-baking 

The state of the film after pre-baking is visually evaluated. 
In the tables below, the evaluation results are shown according to the 
following criteria. 

O Uniform and transparent. 

x Opaque, or a crack is present. 

(IV) Evaluation of the state of film after baking 

The state of the magnesium oxide film after baking is visually 
evaluated. In the tables below, the evaluation results are shown 
according to the following criteria. 

O Uniform and transparent, and no cracks. 

x Opaque, or a crack is present. 

(V) Thickness of the magnesium oxide film obtained by baking 

The thickness is measured using a stylus surface profilometer 
DEKTAC 3ST manufactured by ULVAC, Inc. 

Example 1 

Components (a magnesium carboxylate, a surfactant, a 
polyhydric alcohol compound and water) shown in Table 1 were mixed 
in amounts shown in Table 1 at room temperature to prepare a coating 
liquid. This coating liquid was applied onto a glass substrate using a 
spin-coater. The substrate was pre-baked for 15 minutes on a hot 
plate that had been previously heated to 80°C. Then, the glass 
substrate was placed in a baking furnace and heated to 450°C at a 
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temperature increase rate of 5°C/min in an air atmosphere, and thus a 
substrate having a magnesium oxide film on its surface was obtained. 

In the process, the appearance of the coating liquid, the 
coating performance (appearance of the coating film), the state of the 
film after the pre-baking, and the state of the film after the baking at 
450°C were evaluated according to the evaluation methods as described 
above, and the thickness of the magnesium oxide film after the baking 
was measured by the above -de scribed method. Table 2 shows the 
results. 

Examples 2 to 20 

Coating liquids were prepared using the components shown in 
Table 1 in the same manner as in Example 1, and substrates having 
magnesium oxide films were prepared using the coating liquids and 
evaluation was performed. Table 2 shows the results. 

Comparative Examples 1 to 15 

Coating liquids were prepared using components shown in 
Table 3 in the same manner as in Example 1, and substrates having 
magnesium oxide films were prepared using the coating liquids and 
evaluation was performed. Table 4 shows the results. 
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Table 4 





Appearance of 
coating liquid 


Onatincr 

' >*j a i_i i » g 

performance 


. State of film 
after p re- 
baking 


4" 4* ^ r»T "Fi 1 rvt 

O La Ic O i 1 1 1 m 

after baking 


Film 
thickness 
ill m) 


Com. Ex. 1 


O 


o 


X 


X 


0.17 


Corn. Ex. 2 


O 


o 


X 


X 


0.16 


Com. Ex. 3 


X 


X 


X 


X 


— 


Com. Ex. 4 


X 


X 


X 


X 


— 


Com. Ex. 5 


O 


X 


X 


X 


— 


Com. Ex. 6 


o 


X 


X 


X 


— 


Com. Ex. 7 


o 


O 


X 


X 


0.29 


Com. Ex. 8 


o 


o 


X 


X 


0.10 


Com.' Ex. 9 


o 


o 


X 


X 




Com. Ex. 10 


o 


o 


X 


X 




Com. Ex. 1 1 


X 


X 


X 


X 




Com. Ex. 12 


o 


X 


X 


X 




Com. Ex. 13 


o 


o 


X 


X 


0.24 


Com. Ex. 14 


o 


o 


X 


X 




Com. Ex. 1 5 


X 


X 


X 


X 





The following is evident from Tables 1 and 2. Each of the 
coating liquids of Examples 1 to 20 contains the magnesium 
cafbbxylate (a) derived from a carboxylic acid having 1 to 6 carbon 
atoms, the surfactant (b), and the polyhydric alcohol compound (c). 
The contents of these components are as follows' the content of the 
component (a) is 5 wt% or more and 50 wt% or less; the content of the 
component (b) is 0.01 wt% or more and 2.5 wt% or less; the content of 
the component (c) is 0.05 wt% or more and 40 wt% or less; and the 
content of the component (a) is larger than that of the component (c). 
Furthermore, the sum of the contents of the components (a) and (c) is 
80 wt% or less of the weight of the entire coating liquid. 
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These coating liquids are transparent and uniform, and when 
substrates are coated with these coating liquids, the coating films are 
uniform and transparent in the process of pre-baking and after the 
baking at 450°C, and thus magnesium oxide films without cracks can 
be produced. 

On the other hand, the following is evident from Tables 3 and 
4. Each of the coating liquids of Comparative Examples 1 and 2 
contains the component (c) in an amount that is more than the amount 
of the component (a), and each of the coating liquids of Comparative 
Examples 7 and 8 contains the component (b) in a ratio of more than 
2.5 wt%. When these coating liquids are employed, the formed 
magnesium oxide films become opaque. 

Each of the coating liquids of Comparative Examples 3 and 4 
contains the component (a) in a ratio of more than 50 wt%. In 
Comparative Example 11, the total amount of the components (a) and 
(c) is more than 80 wt%. In Comparative Example 15, the component 
(a) is not a magnesium salt of a carboxylic acid , having 1 to 6 carbon 
atoms. In these coating liquids, the magnesium carboxylate is not 
completely dissolved in the solvent, and is present in the form of a 
solid, so that the coating liquid is opaque. Table 4 indicates that when 
such a coating liquid is used for coating and film-formation, a uniform 
and transparent film cannot be obtained. 

Each of the coating liquids of Comparative Examples 5 and 6 
contains the component (b) in a ratio of less than 0.01 wt%. In 
Comparative Example 12, the component (b) is less than 0.01 wt%, and 
the molecular weight of the component (c) exceeds 1000. These 
coating liquids were repelled on the substrates and could not be 
applied uniformly. 

Each of the coating liquids of Comparative Examples 9 and 10 
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contains the component (c) in a ratio of less than 0.05 wt%. In 
Comparative Example 13, the amount of the component (c) is less than 
0.05 wt%, and the molecular weight of the component (c) exceeds 1000. 
In Comparative Example 14, the component (c) is not a polyhydric 
alcohol. In these coating liquids, the magnesium carboxylate is 
crystallized on the substrate, which causes opaqueness. 

Thus, in either comparative example, a transparent and 
uniform magnesium oxide film could not be obtained by baking. 

The invention may be embodied in other forms without 
departing from the spirit or essential characteristics thereof. The 
embodiments disclosed in this application are to be considered in all 
respects as illustrative and not limiting. The scope of the invention is 
indicated by the appended claims rather than by the foregoing 
description, and all changes which come within the meaning and range 
of equivalency of the claims are intended to be embraced therein. 
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